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ABSTRACT' 

The effects of density and other situational tactors 
on perceptions of and responses to cS^ovding in classroos learning 
enriroBsents were ezasined in three separate and concurrent 
in7estigations« The first esperiient examined the effects of various* 
deap^aebic variables/ learning en#ltonaen€s and rooa design 
variables on crovdiivg^ In the second ezperiaent, the effect of tvo 
levels of density on classrooa achieveaent tfas exaained in the ^ 
labora'tory. The third expetiaent ezaained achieveaent as.^ fanctian*, 
of class si2e^ver a 24*year period in tvo coaaunity school 
districts. It vas^oncloded frca the three experiaents that: (1) ' 
density is priaarily a aoderator of arotfsal; <2) high density can 
therefore h^ve either positive or negative effects on perforaance, 
depending on vhether the task contain? learned or anlearned 
coaponents, or both; (3) the saae interpretation allies to 
psychological reactions (affect) to the situation; (4) if perceived 
violations of personal space accoapany high density, the outcoae is ' 
uniforaly negative; and (5) the. effects of high density (positive or 
negative) can be eliainated by diverting a person's attention avay 
froB the otter people in the roo«, or by increasing the degree of 
cooperation betveen people. (Author/BP) 
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FACTORS AFFECTpG PERCEPTION OF AND^ RESPONSES TO 
CROWDED CLASSROOM ENVIRONMENTS 

David E. Weldon 
Washington University at St* Louis 

The primary purpose of the research program presented here was to 

examine and detail the factors wh^ch^ affect the perception of and re- 

/ 

spons€;s to crowding in educational settings. - The pi^ject was inter- ^ 
disciplinary and included architecture, education and urban studies-^ 

V 

as well as psychology. Thus, we attempted to focus a broad range of 
technical and conceptual knowledge^ and skills on a rather narrow topic 



/ 



— the „'^fects of classroom density on perceptions of crowding and task 
performance. 

Class size, or density, has long 'been. considered to have a major 
impact on student achievement (Blake, 1954), Larger or more densely 
populated classrooms are Assumed to be detrimental to academic perfor- 
mance for a variety of reasons. These include loss of opportunity- 
for individualized instruction, increased stress on the teacher leading 
^ to a decrease in effective teaching and increased behavioral problems 
> in students, tand so on.* Recently, increased lioncern for the quality 
of maxf s physical and social environment and especially concern for the ^ 
effects of high population density or crowding suggests an additional 
reason for limiting' class size^ ^ 

Earl^r-;«lilmal research by Calhoun (1962) seemed to indicate the effects 
of high density were uniformly negative and could be devastating. How- 
ever^ parallel research on human populations by Schmitt* (1963) and 
'Wirfst)orough (1965) substantially moderated those conclusions. It is 
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now generally argued by Stdkols <1972)' and others that it is the- feeling 
or perception of being crovAded that produces the effects known as the 
crowding stress syndrome. That Is, high density 'is a necessary, but 
not sufficient condition for perception of Crowding. Situations pro- 
ducing the perception of being crowded in turn act as stressor situ- 
ations, producing the crowding stress syndrome — a term coined by Stokols 
,(1972) to describe the generf^l breakdown and social disorganization 
ftrst observed 'in dramatic detail by Calhoun (1962). . < 

Using the theoretical framework proposed by Stokols, laboratory 

efforts aiaed at delineating- the effects of high density, on human be- 

> 

havior can be grouped into two -research areas; those oriented to estab- 
lishing the variables which moderate the perception of crowding in 
h4gh density environments (e.g., Cohen, Slajden & Bennett, 1975; Desor, ^ 
1972) and those oriented to determirving the effects Cxf. crowding on 
human task performance (e.g.,' Freedman, Kle^ansky & Ehrlich^ 19'7l; 
Griff it & Veitcl>, 1971; Paulus, et al .. 1976). The first group of 
studies has demonstrated that the perception or feeling of crowding 
•in a room under Conditions of high density can be substantially re- 
duced by increasing the number of room partitions, increasing the dis- 
parity qf the room's linear dimensions, and decreasing the number . 
of entrances (Desor, 1972); by maintaining g^^^ccxafor^ table room temper- 
ature (Griff it & Veitch, 1971); and by increasing the degree of ac- 

quaintance and amount of mutual coop^eration among the persons in the 

* - * » 

room (Cohen, ^t al . , 1975). On the other hand, the findings of the 

» / ft , 

k ^ ■ I 

second group of jstudies are much m^e e<juivox:al. With the exception 

of t)ie work ^f Paulus -and 'his associat€!*s (^.g.', JPaulus, etal . , 1976), 

iimnediate behavioral effects due to crowding have nbt been demonstrated 
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(Freedman, et al >, 1971) although negative behavioral aftereffects and 
evidence for increased psychological stress such as anxiety, aggression, 
and/or asocial behavior have been noted (e.g.. Griff it & Veitch, 1971; 
Sherrod, 1974; and for a comprehensive review, see Lawrence, 1974). 

• ^ In /unmary, while our knowledge of »the variables which can alter 
the perception of crowding is increasing, the effects of crowding* 6n 
human behavior remains unclear . This' is especially perplexing, since 
the *theory of social facilitation proposed by Zajonc (1965), and backed 
up by a considerable body of research, predicts clear effects on ta'sk 
performance as a function of ^density level. Only the. work by Paulua 
and his associates (e.g., Paulus, et 51 ., 1976) is consistent with the 
theory. These researchers have found a clear positive relation between 
l#Vel of density and nijpiber of errors on a learping task using a finger 
maze. Ihis binding was especially relevant to the present researcji 
since learning constitutes the rajson d'etre of educational settings. 

Because prior research Was not consistent' enough to generate a 
single design to study the effects of classroom density, it was decided' 
that a thr^e-pronged effort would be the most productive tn clarifying 
the density-performance relationship in the classroom. Accordingly, 
three separate an4 concurrent investigations were carried out. The first 
dealt with variables considered potentially relevant in moderating p6r- 
ceptions of crowding in classroom environments. The second study speci- 
fically examined, the effects of density on a learning task in ^three 
typical educational settings. Lastly., 'the effects of class size on 
acadCTiic achievement was investigated' in a longitudinal field study of 
three local school^districts . * / 
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' 'EFFECTS OF GROUP AND SITUATIONAL VARIABLES 
. *OIkPERCEPTI0jis OF CROWDING , • 

• y t D4vid J. ElAn' 

Washington University at* St. Louis 

*'**'/ ^ 

I 

The purpose of this study wap to extend the work of .UesOiv (1972) 
I V 

and C€fceirr-rt__al. , (1975) concerning variables which moderate the per^ 
ceptioij of crowding; especially those factors prevalent in educational • 
settings. Subjects placed mo<Jel figures in model classrooms until 
each of the following* levels of crowding was matched: (1) the d^sity 
level \j^s su^h that maxiimiili learning could occur (that is, an .ideal 
learning environment); (2) tfie density level was such that the addition 
of one more figure .would produce^ crowding (that is, a crowded learning 
environment); and (3) the density level was auch that the addition of on 
mdre figure would make learning impossible '(that is, an intolerab le 
learning environment). This manipulation differs sharply from tha^ used 
by Desor. (1972) and Cohen, et al ., (1975), \/ho used only the second 
level density instructions described above. Our purpose in this 
study was (1) to obtain a more explicit understanding of what the 
concept of "crowding" meant tp our participants and (2) to establish' 
S^perceptual range rather than a single upper limit for this variable. 

Six additional factors i-ncljuding sex and vocation of subject, 
noise level, type of educational activity, ceiling height and esthetic 
quality of the model classroom were manipu^lated in a completely crossed 
design with repeated measures on trtfe last three' factors and the level 
of crowding manipulation mentioned above. « ^ 
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Sex and vocation of subject were chosen because" subjfects^ per- 
ceptions of crowding may yell depend on their perspective. The four 
levels of vocation w^reXigh school student?, teachets, sx:hpol admin- 
isttators and educator- theorists . Educator-theorists consisted of 
graduate students and professors in edijcation.^ Noise level (high vs. 
\ow), ceiling height (8' vs. 15'), and esthetic quality (institutional 
beige with no wall decoration vs. a three-color, coordinated scheme 
with wall posters, maps, and potted 'plants) dealt wi^ aspects of room 
design; a variable class shown by Desor (1972) to be extremely impor- 
tant in perceptions of crowding. The factors of ceiling fieight and 
esthetic quality were manipulated by constructing' four model' rooms. 
Each room represented an 18 x 24 ft. classroom constructed to a scale 
of IV per foot. The qjpdel figures were constructed to the samf scale. 
Finally, educational activity was cly^sen because of its relevance, and 
also because previous research by Cohen, et al . (1975) indicated a 
strong relation between activity type artd perception of crowding. ' 
■The four levels of educational activity were resource center or library, 
discussion grpup, lecture, and stutfy hall. 

The seven- factor desi^ described above contained a total of 
768 cells. The repeated measures portion of the design required th^t 
each subject complete 48 cells or conditions ' (4 levels of activity x 
3 levels of crowding x 2 levels of ceiling height x 2 levels of es- 
thetics). Standard precautions to reduce fatigue and order effects 
were anployed, including running each subject over a two day period at 
the same time periods each day and using a revolving Latin square to 
develop 48 different orders of the 48 conditions. The participants 
consisted of 20 high school students, 20 teachers, 20 educator-theorists 



* v' V ^ , .3. , ...^ • r ' . 

and school admtnistra/tpr§. Halfjof e'ach vocational grpup were males' 
and half were females^ Finally, after placihg the model fi^rea'in. 
the model dlassrooms for a particular condition, each participant com*- 
pleted a 20-item questionnaire, 'Tliis questionnaire tapped variables 
which we thought might influence model 'figure placement and also pro- 
vided some necessary manipulation checks/ Parent/hetically we would like 
to acknowledge the help of the 71 anonymous participants for without 
their remarkable and persistent cooperation, this study would never 
have been possible, •>» ^ , V 

Results \ ^ . 

Ilie dep^dent variable ij;^ this stu<l^ was the number of model^ 
figures actually placed ^in each model room under each condition of 
the design. The analys^. of variance on this variable indicated that 
^all six person and situation factors influenced the part^/dlpants' 
perception of crowding. The seventh factot, level of crowding, was 
also reliable (F(2,110) = 252.^6, p^, 00001). This was-, of course,* 
an expected result since it was directly manipulated by instruction* 
Its importance lies primarily in establishing the success of the manlp- 
ulatio*n and also in determining the perceptu^^lTranges dl,scussed above. 

^ y III. * * 

Its i^lications' are discussed in further detail below. , The main effect 
for participant vocation was reliable (F(3,55) = 4.55, p<.01), but 
was embedded in a reliable vocation x level of crowding interaction 
(F(6,110) = 5.80, p^.OOl). This interaction is shown graphically in 
Figure 1. It is clear from Figure 1 that while the; vocations did not 
differ in their perceptions of what constitutes an ideal learYiing 
'^i^ironment , tiiey differed substantially in their perceptions of crowded 
and ifttoler^ble* environments. Specifically, students placed the fewest 




Students Educator- Teachors^i Adminis- ' 
Theorists trators- 



) VOCATldlf 

? ■ ' • \ . ,' , " - , 

Figure 1. GraiJhic representation of the vocation by crowding 
interaction on the n^ber of Tigures placed in the 
room (ID = ideal, CR = crowded, IN ^^intolerable) . 
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figures in crpwded and' intolerable conditions while^ school adminiatrators 

r • * : ' > • ' 

placed the most. Teacheys and educator- theorists were intermediate in 

their placement of model figures (see Figure 1) • 'The *interadtion stror\gly 

implies that* as vocational perspective shifts, from educational users^l^ 

to providers, e9onoinic factors play an increasing role in the ^judgment 

of crowded conditions. All can agree, however, on what constitutes 

an ideal Jl^vironment. It is iipportant .to note that thi^ irttera6.tion \ 

clearly establishes -the need to asseSs-multiple le;vels of crowding in 

research' of thi«''irype. Had we chosen, to measure only the second rLevel 

of crowding as in previous research, we would have,Aeen lead to the . 

erroneous conclusion that perception of croroing varies with vocational 

perspective; an implication only partially consistent with Our'data, ' , 

\ ' ' . . - • . .* • ; 

A main effect for activity type was also highly reliable (F(3,l65X 
= 69.58, p<.p001).' Afeain, however, this effect w^s em'bedded i^ a* 
reliable acti|ity type x lev^l of crowding interaction, (F(6, 330) = 
10.83, |)<,001)." This interaction is shown graphically in Figure *2 
below, A^ before, the crowded ar^d intolerable conditions are virtually 
parallel across activity type (see Figure 2). ' The source of the in- • 
teraction therefore stems from the differential placement of figures 
in the ideal conditions as compared^ tp crowded ai\d intolerable con- 
ditions.. As can be saen f rom' Figurfe 2, there is**^a greater decline in 
number of ' figures fr<^K resource center to discussion activities and a* 
sloWer rise /rom discussion^to lecture hall and study hall activities 
for thfe ideal'^conditions as compared to the crowded anc^^ntolerable 
conditions. More importantly, hoover the main effect for activity 
type is present in all tljiree levels otJtrowding. Ag Figure 2 suggests, 
a clear distftiction was made by all participants between resource centers 

\ ' \ ■ 1 
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Center Hall Hall 



LEARlj;[NG SITUATION 

Figure -2. Graphic /eoresj^ation of the learning situation / 
• X crowding/ interdiction on the number of figures ^ 
' placed iiilthe, rooro (ID k ideal, CR = crowded, 
IN =. intolfl{rabl6) . * • 
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and (tiscussioTi groups Oii the bne hand and lecture ahd study halls on 
the other I ' Substantially more figures were placed in the* latter two 
conditions than in the former. Analys'is of ^he '20«item questionnaire 
indicated that resource centers and. discussion groups were perceived 
»a8 haying a higher degree of personal contact, a lower dnount of for-'- * 
mality, a higher noise level, and a ^greater amount/ of rac^^i^ than 
were the 'lecture and study hall' activities/ In iddj^tlo^^^HK^sure s 
of interpersonal contact! were fconsidered more importaft in -i:he parti- 
.cipants-' judgments of the former two activities then in the ,ltft'ter. 
That is, a perceived decrease in iateractiorr level appeared to be 
^ responsible for jrhe" greater number of figures placed iiT-the lecture 
and stydy hall activities; a finding in dire^^onflict wit.h the 
findings of Cohen, et al . (1975), who found-^t mpre figures coul'd be . 
• pl,aced-in rooms haying a greater interaction! levels. This -contradiction . 

betwefen the two studies is resolvable if we assume that the type of 

I 

interaction (cooperative vs. competibiv^) substantially miHterates in- 
-teraction level. In Cohen,- et dl . (1975), the figures were described as 
socializing or as engaged iti mutually cooperative activities.^ School 
environments, as tdpresented in the present study, may represent com-, ! 
. Petition teacher attention and/or time ^(especially in discussion * 
grdups) or other resource^s^ (especially.. in a resource center* or libri^K 
That isi the preseijCt §tudy juggests that if increased interaction ^ \ 
impliea' fncf ea^ed competition for Resources, then perception <xt crowding^ 
^ also '^creases J an outcome consistent w£th the model proposed by . 
Stdftols (1972). On the otl;ier hand-, if increased interaction implies 
increased cooperation, then perception of crowding decrease© as ' 
demonstrated by Cohen, et al . (1975). * 



Haiti effects for the room desiga variables (ceiling height, esthetic 
quality, and tioise leyel) were not reHable; bnt did interact' With levels 
• of crowdiTng-^r se3^ ^f siifcject. Ceiling height interacted, with level 
^ of crowding '(F( 2, 110) =',4.84, p^.Ol), This interaction is depicted 

« 

graphically in Figure 3 -below. As Figure 3 suggests,- more figures were * 
placed in^the taodel rooms with higk ceilings than those with low ceilings 
except in the intolerable learning environments where differential 

figure placement did not occui;, . Apparently, an intolerable learning' 

^ ' ^ ' ' 

situation is intolerable whether the ceiling ts eight or fifteen' feet 

high. \ ' ' . < 

However, the most striking aspect •f Figure 3 was not the statis- 

tical reliability of the interaction, but rather - the disappointingly 

small difference in number of figures placed in the two- levels of ceiling 

height given the objective size of the ceiling height manipulation 

(8 vs. 15 feet), Orf^ possible explanation is that the participants 

failed to apprehend the objective difference in ceiling height or at^ 

liast paid very little attention to it when, placing model figures in 
L ^ ^ 

the rooms. This explanation was directly disconfirmed by /the relevaj^fc^ 

manipulation check in the questionnaire. That is,* participants saw 

the high cetl^pi^a^ much higher than the low ceiliiig across |1I con^^ 

ditions (F(2,110) = 7,06^,, p<,001). They also regarded ceiling height 

3s moderately Impla^t-ant in determining the number oT. figures placed. 

Furthermore, participants reported a reliable decrease in perqeived,^' 

interpersonal distance in the rooms with low ceilings as compared to , 

rooms witK high ceilings; a finding which Supports and proyides a 

K , 
potent explanattlon for the pattern in Figure 3,^ That is, more figures 

could be placed in rooms with high ceilings because Equivalent per- 
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Graphic re^esentation of tjie crowding X ceiling 
height interaction on the-' number of figqres placed 
in the room (HC = high ceiling, LCf = low ceiling) . 
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ceptions of interpersonal distance in the tjro ►levels^ of " ceiling height 
haa-the figures closer together physically in^_^thejiigh ceiling con- 
' ft^ions. . ^ ' 

» The above interpretation doupled with the findings of Desor (1972) 

^ggesi:s an explanation for the^^i relatively small differences in meatis 
; graphed in Figure 3 that tias* Important and far-reac>ing implications 
for room design. Desor found that. the linear disyarity o^a room's 
dimensrons substantially affects percepti6n of crowc^g. - Specifically, 
she fourid that more figures cou^d tre placed in a rectangular room 
(high linear disparity of dimensions) than* in a square room (low linear 

•r 

disparity). Her menipulation Involved only two dimensions— the length 
and width of the* room. In our study, lj:hese dimensions were held con- 
stant, and the third dimension (ceiling height) was varied. Thus,- 
while our manipulation increased perceived interpersonal distance wilir" 



increased height, it simultaneously affected perceived linear disparity. 

That is, the higher ceiling made the rooms look more cubical; in a 

'- * • . ■ 

/ sense, decreasing tlie perceived' overall spaciousness of the room. 
This assertion *has^ at least. two Implications. First of all, there is 
quite probably do simple .relatiqjTship between ceiling height" and per- 
> ceptions of being crowded. Secondly, the' above implies. that any room 
•design variable that will serve to- enhance perceived linear disparity ■ 
N^room dimensions (spaciousness of the roftp) should permit gr'eater 
density without increasing cW perception of being crowdeS^ 

Both noise Hevel and festhetic quality of the room interacted reli- 
•ably with sex of Che participantv(F(l,550 - 6.96, p<.05)'and F(l,55) = 
•4.21, p<.05; respectively)." Figures 4 and- 5 below depict the sex x 
noise level and sex x esthetic quality interactions, respectively. i 

■ ' ■ ' . : ■■/■./..,-. 



The sex x noise level Interaction (see Figure 4) was initially very 
perplexing since our original intent in manipulating th^s variable 
was to have it reflect the acous^tical prpperties of the room. However, 
tp avoid demand characteristics, this factor was manipulated as a be- 
'tween subject variable and no referenbe either to the source of the 
noise level or even to its presence was made in the instructions to the 
participants. Henctf, attributions to its cause and interpretation of 
its effects were left up to the subjects 

Surprisingly a rather straightforward explanation of the pattern 
in Fidjre \ was provided by th« participants' responses to the questiio- 
naireJ . A reliable sex x noise level x level of croi?ding interaction 
(FC^llO) = 4.47, p<.01) occurred for a question tapping the de^ee of 
interpersonal contact between figures in the room. The means in this 
interaction indicated that males saw increased interpersonal contact 
as level of crowding increased under conditions of high noise level 
and decreased interpersonal contact as level of crowding- increased under 
conditions low noise level. Females showed no such pattern. This 
sugge^s- that the males saw noise as a function of the number of people 
in the room and their degree of interpersonal contact. That is, the*^ 
noisier the ropm> the -moi^people'' that must be interacting. ' ' It follow^ 
that males were attribiitiitg noise levelNttf^ the people in the room (a 
personal attribution) and under th#it assumption placed more people in 
the noisier rooms. Whil6 wehave no direct evidence, it seems^reasonable 
tt) assume that females, on the qther hand, were attributing tl^P noise 
leyej. to room acoustics (an environmental attribution). Hence, the pattern 
of the female means (more figures placed in low' noise , conditions) is 
more consistent with the original intent of the noise level manipulattoa* 

.17 
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Figlire 4. ' Graphic repr-esentation of the sex X noise level 
• iateraction on the nufnber o¥ figure? placed in 

* ' - . the room^i (HN = high noise, LN =. low noise). 
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'Nevertheless, the differential source of .attributfon as' a function 

. 6^ sejc which produced* the intetaction is highly intriguing and^desepves 

further investigation. * F,or epcample^j^uld male and female ^reactions 

to ^a : noisy environment l)e different? Mfght not fellas simply ^withdraw 

*• , • * '♦•■«*•, 

from the epvironmegt ^Assuming it,.was' an fenviaonmental -problem while 

. ' • \ ' ' r* ' 

males would attempt to reduce the noise^ by reducing the. degree of itir, 
terpersonal contact? It 'is ah interesting problem that deserves further 



r&search; . ' » . . - . 



The sex x e«<;|vetic qu^lty intlieraatiooxpf^^nts an entirely" diJEfere 
• probtem (see Figxirfe 4)^ . Analysis ©f qu&tiohnaire ^reqfionses^'lndicated 
that pa;^ticipants^ perceived tt^e high ealhetic cond£<:ion as m<^ color- 
ful and^ias having more .furn^urV^/posifers/ J>5tted plantsf^ -etc. ^ but they 
dso reported bein^ much Idss? fai)|ili«n.with 'this condi'tion than' ilfith . 

' *^ V ^ ■ ; . • ^ * . 

the low esthetic c,ondlt^Q¥l. .I^p pther qto^ionr\aiife -resporfg^s showed 
reli^al>le differences Jfot tiiis variable. Hence,, we know :£he ;m^nipulat ion 
was succes^fuls byt we' do . nof knqw wjiy tj^e' pfitterli in figure S^appeara^ 
as. it cjoes. C^e is^tempte<f tp>rgue thafc ma;Les> p'JaceB more figures in 
high Esthetic conditions tecaue« 'these^roottis• appeared *t6 be w^armer and ' 
more inviting. But if this 'is 'the 'fca^g Oiy aid. the -femiles. reverse 
the pattern? Perhaps, they were ^redponaUrig to Xlie - ai»^usal\propetties > 
•of ^e esthetic quality manipulation. -Certainly, most people would . 
agree that the high esthetic conditions are more arousing^ ' Sinee 
particifxanu w^re very unftoiltar 'with thife^Jii^ esthetic coridj?tibn, • - 
it is- plausible, byt highly* speculative,* that males selected a' different 
set of. cues than^the females^ did and consequently. arrived at opposite 
conclusions. Cleafl^ adiitional research is needed. ,One final poin^ 
needs^ to be, made. This study manipulated only two levels of esthetic 
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Figure 5. Graphic representatrpn of the sex X esthetics inter 
Action or) the number of figures, placed in t^ie room 
(HE ,= -high esthetics, LE = low esthetics). 



quality, ObvioJsly, many other variatbles contribute to a room's esthetic 
quality^ tl;ian the ones we chose. Esthetic quality of a room and Its ' 
impact^, on perceptidns of crowding remains a completely unknown quantity, 
desperately in \ieed of additional research. 

Finally, thi^ studjiTaccomplisl^ed an. extremely important goal that 



is espWtalj.y relevant* to 1 the othdr two studies in this project. That 
*is, a fairly clear set of p^^rc^tual ranges was developed from the level 
of crowding manipulation. As noted above, these ranges were, in part, 
a function of vocation,' However, it seemed desirable to us to focus Vj 
on the user-derived set of ranges (i.e,, the student segment of our' % 
sample) for. obvious reasons. The perceptual ranges deriyed from this 
.study thplding the room design variables constant) are as follows: 

(1) resource center or library (22-31 sq,f t ,/pupil) 

(2) discussipn group (25-43 sq. ft ^/pjapil). 
. • (3) lecture ball (17-27 sq. ft, /pupil) 

(A) 3tudy hall (18-29 &q, ft, /pupil) , 
The above ranges are expressed in square feet per pupil in order to 
make them independent of thi? room size used ih this study, ' It might 
be argued with some merit that thfe upper bound oh these ranges is 
unnecessary since it is ridiculous to ^rgue that there should be a 
minimum number of students in a classroom. In fact, this is exactly 
what we shall assert later. However, an adequate defense ipust;,-aitfJLt 
presej?ltati^n of , the remaining two studies, ^ 
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EFFECTS OF DENSITY, MOTIVATION, AND LEARNING 
SITUATION ON CLASSRDCW ACHIEVEMENT 



John'H» Loewy '* ^ 

Washington University at St. Louis 

• I , 

As* noted in the introduction, with the exception of the work of 
Paulu3 and his associates (e.g., Paulus, et al ,, 1976), rfttempts^to 
document a relationship between density and immediate task performance 
^ have been markedly unsucces§lul (e.g., Freedman, et al ,, I97I; Freedman, 
et_Jl., 1972; Sherrod, 1974; see Lawrence, 1974, and Stokols, 1972 
for systematic reviews of this issue). Hence, the prUent study was 
considered crucial to our investigation of the clas^ size-achievement 
relation". ^ 

• One effect of increased density may be an increase in arpusal. 
Studies- of the effects '^oi group %ize ^hat is, density or crowding) 
may actually be studying thse effects of arousal on the dependent vari- 
able of interest. Zajonc (1965), in his theory of social facilitation, 
argues that the mere, presence of others increases arousal which in turn 
increases performance on sijirple or well-learned tasks. Conversely , . 

V 
u 

arousal leads to, a decrement in task performance if the task is complex 
or requires the acquisition of new skills. ^ I^' the above is releva^yt 
to studies manipulating density,, then high density should facilitate 
performance on well-learned tasks and inhibit successful performance 
oxi tasks requiring the acquisition o^ t\ew responses. ^ 

% In educational settings, however, the tasks preseftted to students 
can purely be described «8 requiring the use of well-learned skiUs 
only or' the 'acquisition of new responses orU-y. Most tasks in these 



Settings are quite ^complex* and require that the student learn new re- 
sponses and, ^r-^^ doing, make use of previously-learned skills. For 
example, suppose an English teacher wishes to introduce h^r students to 
a classic piece of literature such as a short noVel, The task as pre- 
sented to the student-is^^to^r^ad the novel, discuss its meaning in class, 
and take a test pertaining to the story. Clearly, this task requires 
previously-learned skills such as reading sp^ed, reading comprehension, 
m^orization techniques, etc. However, it aflso requires the acquisition' 
of new knowledge and the integration of that -knowledge in an organizefl, 
retrievable form. 

In situations like the above, the relationship between arousal 
(as measured by density) and task performance (iti this case, student 
achievement) may be quite complex an^T^ot at all easy to predict' on an 
a priori basis. This may explain why previous research on crowding and 
performance has failed to show a consistent relationship (see, for# < 
example, Freedmafi, et al ., 1971; Kutner, 1973; Sher^, 1974; Stokols, 
et_al., 1973; Paulus, et al ., 1976). It is our position <?that for tasks 
requiring both usage of prior-learned skills and acquisition of new 
knowledge, the effect of density on performance is as follows: Under 



condition^ of low arousal, acquisition. of new material is facilitated, 

• > * 

but the use of prior skills such as Reading speed and comyehension is 
not and the individual's rate of acquisition* is slower (though what 
is learned may b^e extremely well-learned). Under moderate levels of 
arousal,, use of prior skills is facilitated (reading speed and com- 
prehension may be vastly increased, for 'example) and the acmijLsition 
and organization ol the new\|Qaaterial may be only slightly* ^paire^>--^ 
Finally, under high levels of arousal, use of prior skills t« maximally 



facilitated, but the acquisition dnd organizfition of the new material * 
(responses) may be totally blocked, resuj.ting in a corresponding de- 
•cline iii task performance. Although we cannot be sure tWis actually 
occurs, there is a-necdotnl evidence that something similar may' be oc- 
curring. Furthermore, there is empirical support for the 'curvilinear 
relationship in research on test anxiety and achievement (Spielberger, 
1966). _ ' ' . 

In the present study, two manipulations of arousal were achieved. 
The major manipulation was classroom density ^ich was achieved by 
varying group size in a classroom of fixed dimensions. Of three possible 
^methods of varying density (group size or social density, room siie^ 
or spatial density, and degree of interpersonal ^distance or proximity), 
group size appears to produce the most powerful .effects (cf., Lawrence, 
1974; Paulus, et al ., 1976; Stokols, 1972). The classroom used for the 
experiment was square (12' x 12'), had three s.eparate entrances, and 
was air-conditioned at a. constant 72^. The room was deliberately chosen 
to enhance perc^r^ions of crowding (cf., Desor, i972|J while avoiding 
possible confounds due to temperature f luctuation*(cf ., Griff it 6e Veitch, 
1971). The/high density conditions contained 16 subjects per group 
while the 'low density conditichis contained eight subjects per group. 
This translates into 9' sq. ft. and 18, sq. ft. per subject, respectively. 
Given the findings of the first study regarding perceptual ranges, the 
levels of density used in this study present real problems with regard 
to the* participants' .perceptions of being crowded. The reader is re- 
minded that the results of the perception study were unavailable at the 
.time the present study was designed. More will be said concerning 
this problem wlj^ the results are presented below. 

4 

25 



A second manipulation of arousal was achieved by motivational 
instructions to the participants. This wa$ done for two reasons: 
(1) U 



'witV 



to study its effect^ and C2) to provide at least ha^^^ihe subjects 

some incentive to do well on the task. The manipulation was 
J- * 
, achieved by informing half the subjects at the beginning of the ex- 

peridental session that a testltould be given at the end of the session 

and that they could earn extra money for doing well. The other half 

of the subjects were not informed of the test or bonus until just prior 

to its administration, > 

I 

The research literature suggests that both the amount and type of 
interacftion in a situation affect the perception of crowding (Desor, 
1972;'Cohen, et al ., 1975; see also Elkin, 19^^^, as reported above) . 
Thus it m&y be ^hat task performance will yary with learning situations 
in complex ways. If perception of crowding produces high arousal and 
if it also varied with learning 'situation, then we should expect that^ 
the safie density levgl will produce differential effects on task per- 
formance depending on the type of learning situation. The effect of 
learning situation was studied by^ including three very common educational 
activities: independent study grou|)S, lecture groups and discussion 
groups. 

In addition to the abo^ve ^manipulations, 17 demographic andj)er- 
sonality variables were assessed for each participant. As suggested 
by Stokols (1972), personal" and demographic attributes may'interaot 
witl^ environmental variables to affect perceptions of crowding. If 
this is so, then we might expect differential task performance as a fUnc- 
tion of these variables. The pfersonality ' vari£fbles assessed in the present 
study were as follows: (1) The first six subscales of Shostrom's Personal 



26 



Orientation Inventox^ (time competence, time Incompetence, othlr-oriented* 

Values," inner-oriented values, self-actualized values, and existentiality) * . ' 

(2) the 8ix subscales, of Wrightsman' s Phillsophies of « Human Nature 

Scale (trustworthiness, rationalism, altruism, independence, c^nplexity, 

and variability) , (3) Rotter's Internal-External Locus of^ Control 

* ' ; 

^ ' ^ . ' ^ ' • ? 

Scale„ and (4) the "trait** subscale- of Spielb^ger's State-TraJ.t Anxiety 

Scale, The demographic variabiles assessed were, the participi^it * s race, ^ 

and socioeconomic' status, ^ 

Finally, because successful manipulation of the density and ijoti- 

vation variables was considered so crucial to interpreting the results ^ 

and because prior research has b^en so inconsistent, a subjective 

questionnaire was developed and given to all participants immediately 

prior to the exam to check on ;subjectiye xespOnses to these two iq^nip- 

ulations. The subjective questionnaire consisted of a^ set of semantic 

* ' . s 

differential ^^ctfles measuring arousal, anxiety, frustration, effectiveness' 

- / . ■ - ' • . 

d£«the educational activity fengaged in Xsee* above) feelings toward 

the gro^p, feelings toward the situation, ,and "^feelings of preparedness 

for the exam (measure of task performance). In additions, the "state** 

subscale of Spi^ll)erger* s Trait-Stat^ Anxiety Scale was given .twice 

during the experimental session; immediately after^the motivatioti manip- " 

ulation and just prior to the exam. ^ » o 

The experianentaj pjbcedure'wag as follows: (1) participants were ' 
^iven ^e personality -and demographic quest Idbnlir^ "in ^ pre-experlmental . 
sessidn concocted in the morning; (2)^ after half-hour break for lunch, 
participants wer^ sedated in the experlmenta^Poom and the appropriate - . , 



experimental session was held; (3) in these missions each participant 



read 'a short ",ijove 11a for 75 minutes, then participated in ther designed . 



1 



educational activity for 60 minutes/ and finally filled out the question 
naire checking on manipulations and took the^ 45-minute, inultiple-cKoice 
exam.. Sixteen suS^ects participated in each^of the eight cells of th6 
design. All participants were paid $2.20 per hour plus the bonus 
described above, 

Results * ^ - . 

Checks 'on success of manipulations . -Concerning the density manip- 
ulation, p^ticipwtfes in the low density corfiiitioir^an be describ'ed as 
more relaxed and at: ease than the participants in the high density 
*"condition. This was indicated by several reliable F-tests for the 
dependent variables in the subjective questionnaire an(CtJthe "sti 



:a^ 

anxiety measures. Specifically, participants in the low derfsity cells 



had more positive attitudes toward other members of the group they were 

' ' r 

' I 

with (F(l,16^) *-6.73, p<.01),'felt much less crowded (F(l,16*6) = 

83.20, p<.000^), and also experienced less anxiety Ijnmediately after 

esdposure to t6e*iclassro0m situation as. measured by the state' anxiety 

scale (P(l,166) ^ 5.47, p<\02) than did^plrticipatits' in the higb 

density %cells. In addition, the forrajfr groups r^forted that they felt 

more prep^ared for the achievement test (F( 1,166) = 4.01, p<.05) than 

^participants in the latter groups. These results were taken as strong 

evidence for the success of the density manipulation. ^ 

With regard to ^he motivation manipulation, the F-tests on the ^ 
• • * < » 

subjective quest ionniairt^s indicate that the participants in th^ high 

• ^ \ 

motivation conditions were more self-aasured just prior to taking the t 

» • jf 

achievement test thanr the participants in the low motivation conditions. 
Specifically, participj^s in the high motivation cells felt more * ' 
prepared for the achievement test (F(l,166) = 4.12, p< .05)\and -slightly 



less anxious and excited just before taking the test (F(l,166) « 2.67, 

p<.10 and U^l]l66) =3.0O, p<.PS; respectively) thaji participants in 

f 

the low motivation cells. 

While no manipulation checks were constructed to directly assess 

the learning situation manipulation, sever'al reliable effects in the 

subjective questionnaire were observed. First of all, participants 

the discussion cTells had more positive attitudes^ both towards themselves 

and toward the situation (F(i, 166) 4.64, p<.01 and F(l,166) = 3.69, 
♦ 

p<.03; respectively) th^yi either the lecture or independent study ' 

cells. The latter two conditfons^did^ not differ from one another. 

The participants in the discussion groups also felt much more' prepared 

for the test than the other groups (F(l,166) = 4.66, p<.01). ^ 

Finally, interesting differences Occurred between, learning conditions 

with regard to how stimulated the participants felt and how anxious /they 

were immediately prior to. taking the test% Specifical^^ participants 

in the discussion cells felt more stimulated than participants in the 

leo<:ure cells, who, in ti^rn, felt mote stimulated than participants 

in the independent study cells (F(2,166) = 4.33, p<.02). Yet this did 

' , * 

not translate into feelings of anxiety. For this latter variable, the 

participants in the cjiscussion groups were least anxious before taking 

the test, while those in the lecture and independent study groups ex- 

pressed much more anxiety. Again, these latter groups did not differ 

from one another. This pattern was confirmed by the statistical tests 

(F(2,166) =^3.50, p<.03). In summary there was strong evidence that 

the participants in the discussion group wei^e more stimulated, yet more 

at ease and confident than participants in the other two learning 
*' , , * 

environments. Since participants in/three of four cells in each ot the 



learning situations were ^supposed to be at l^ast moderately aroused by 

> ' . • ^ • : ■ ; 

the density and motivation i^anipulations, the above findings suggest 
^ that arousal was interpreted^ differently depending on the learning 
situation the participants vere in; a finding very much io line with 
Schachter'i Theory of Emotion (Schachtef and Singer, 1962). 

Analysis of covariance on achievement scores. The set of 17 co- 

* ■ 

variates (personality and demographLc variables) was submitted to a 



Princi^l Components Factot Analysis procedure in order to reduce their ^ 
number to a reasonable alze for the planned analysis of covariance. 

\ r , 

The principal c^mpbne^ts pnjcedure was .applied to the matrix of correla- 
tions among the' 17 covariates. Three principal components were ex- 
tracted and rotated by the Varlmax procedure (Harmon, 1968). The re- ^ 
suits are presented in Table 1 below. As can b§_ seen from Table 1, the 
.co>fcHate8 were grouped by the above procedure into thrfee readily 
^interpretable tactors. The first factor, labeled "Favorable attitudes 
toward people," consisted of the first four subscales of Wrightsman' s 
Philpsophies of Human Nature Scale, their sum (favorability) , and * - 

potter's Intefnal-Ejcfcemal , Locus 'of Control Scale. The second factor, 

labeled "Flexible in applying one's own values," consisted of the six 

I 

measured subscales of Shostrom's Personal Orientation Inventory, the 
"Trait" subscale of Sp^berger's Trait-State Anxjlety Scale, and the 
rac^^A^^ftji^rPt^ipant. T(fe last f&ctor, labeled l»JBelief in individual 

0 

differences," consisted of the last two subscales of Wrightsman's In- 
ventory, their sum, and the. time incompetence subscale of Shostrom's / 
inventory. 't' Note that the first and third factors correspond <very 
closeljTto those" obtained in research by Wrightsman and his associates 
(e.g., Wrightsman, 1964). Note also that Socio-economic Status ' 



Table 1: , Actor Load^gs^, Eigenvalues, and Percent of Variance ' 
Accounted for by First Three Principal Components of the Coyariates 
Correlation Matrix. 
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Trait Anxiety 


.-.38 
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-.49 
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Time incompetence ^ 


"-.24 


-.31 . 


-.51 
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Individual differences 






.93 




Complexity 






.79 




Variability 




.23 * 


. .66 
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-.14 ^ 


-.14 . 




Eigenvalue associated 
with original solution 


3.90 


3.35 


• 

2.03 




Percent variance * 


' 22 , 
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« 



Not^: factor loadings (coefficients) are thoaa obtained after 
rotation by Varimax progeydure. • . ^ 

b. 



In ordwr to enhance readability, factor coefficients 
less than .20 are not shown in this table. 
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^ippdars to spread itself acrbss all three factors "and is only weakly 
related to any of them; l - " 

' ■ ■ ■ / . ' ^ 

On the ba8is,;of the analysis reported in Table 1, three* factor score 
variables wejre constructed by applying the appropriate .factor score 
coefficients to th^ original set of covariates. These "cpmpbsite" : 
covariates. were then combined with thf design variables and a preliminary 
analysis of cdvariance- wa& done. ^The results of this analysis indj<cated 
a v^lation of the ^egr'eSsloh parallelism assumption (Winer, 1971,' "^^1^ 
pp. 764-775) that was. tlwceable to the "Flexibility" covariafee ^('f aj^'^e^ */ 
2). Accordingly, a qedian spilt was done on this covariate and it Wafs'^^^ 
treated as an ex polst facto design variable .-^ The "Favorability*' and 
"Individual Differences" variables (factors 1 and 3) were retained as 
covariates. andb a final analysis of covariance was cobputed. 

The results of th^ analysis of covariance are presented in Table 2. 
As Table 2 indicate's, participants with negative attitudes towards 

• ■ 

others 'or strong, be^liefs in^ individual^ differences had higher achievement 

scores than dy.d participants with more positive attitudes towards others 

( » 

or who believed that most peoplfe are alike. However, onlVthe latter 
relationship reached conventional levels of significance. T/hy these 
variables are' related to achievement is difficult^ to expllsiin^ Perhaps 
people with more negative attitudes f^ardtJthers feel they have to be 
self-reliant and therefore develop coping strategies which enable them 
to j)erform better^, in 'this experiment.' Or perhaps they were more task- ' 
oriented than those- participants with more favorable feelings toward 
others. While^ similar kinds of . interpretation can be applied to the 
individual differences ^covariate, such inferences may well be in error 
^and^ therefore inappropriate' at this tijne. 
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t Table ,2 

Analysis of Covariance Summary Table" \ 
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• Analysis of Variance on Adjusted Means 















Means 




Source 


d.f. 


Sqtiared 


F-ratio 

r 


Density (A) 


1 


848.73 


5.59** 


Motivation (B) 


1 


7.36 


.05 


Learning Situation (C) 


2 


2130.58 


17.97*** 


Flexibility -(D) 


1 


3311.39 


- 21.80*** 


A X B. 


1" 


198.52 


1.31 


A X C 


2 


115.^1 


.76 


B X C 


X 


140.45 


.92 


A X D . ^ 


1 


161.32 


1.06 


B X D 


» 1 


53.08 


.35 


C X D 


2 


' ^ 204.27 


1.34 


A X R^x C 


2 


457,21 


3.01**. 


A ^ B X D 


- ' 1 


23.25 


.15 


A X C X D ^ 


? 


• 48.75 


.32 


B X C X D , * 


2 


28.27 


.19 


A X B X C X D 


■2 


145.41 


.96 . 


S*8 within groups 


164 


151.83 , 






**p<.05 

**Tlrp<.01 
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The analysis of variance on the adjusted means^ is also shower in 
Ta^le If A strong main effect ioi flexibility emerged indicating that ^ 
, more if l^ible participants scored higher in achievement tl^an^did the * 
^less flexible participants. * Again, loerhaps this outcome is due to the 
greater adaptability of the more flexible participants, but this is 
difficult to^ substantiate . - * ^ • 

Main effects for .density" and learning situ|tion were also reliable 
bq^ both wexe embedded in a density x motivation x lear^MWg situation 

interaction <8ee Table. 2). The interaction is graphed in Figure 1 

/ 

below. As Figure 1 indicates, there were two major sources to the 
interaction; First, as Figure la shows, there was a^ decrem^t in a^ 
chievement in che independent study condition for the high density- 

'( 

higt;i motivation condition. This was confirmed by simple effects tests. 
" It wis fourid^/tharN^^hin the independent study condition, there 'was 
a reliable simple main effect for density (F(r,164) = 9.50, p<.01) 
and a marginally reliable simple density x motivation interaction 
(F(l,164) = 3.35, p<.10). This outccxne ccxipled with the c^^ear pattern 
of means in Figure la, indicates that the differelY^ial .effects of' 

ensity and motivation wfthin the Independent Study, groups was' due to 
the mean for the high density-high mot^A^ion condition. The secor^d 
source of the- three-way interaction was the differential achievement in 
the discussion groups for the high density-high motivation and low 
density-low motivation conditions as compared to the low density-high 
motivation and the high density- low motivation conditions. This was 
confirmed by simple effects tests which indicated a reliable simple 
density x motivation interaction only (F(l,164) « 9.6^, p<.01). The 
pattern of the means* in these two conditions (see Figure^ la and Ic) 
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Figure 1. Graphic reprfesentatiorf'of the density x motivation x learning situatidn 

^ interaction wi'th achievement scores as the depe ndent variable. Levels of 

learning sitUatiori are graphed separ;ately f BH ' * low motivation, | ] » 
^ high ^(otivation) • ' ' J ^ 
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is consistent with the modified fom of 'Zajonc ' s theory of social 

It ♦ 

facilitation presented in the introduction^ 'iha^ is, i^we assume that 
both density and motivation directly #af feet arousal, tl^n Ipw derfsity- 
low motivation conditions should produce lower arousal than high dens if y- 
low motivation or low density-high motivation .conditions while high 
density-high motivation should maximize arousal. The p*redict^d curvi- 
linear effect on task performance is clearly achieved in the discussion ■ 
group activity (Figure *c) . 

While the pattern for the independent study activity Us consistent 
with the above, it still differs sufficiently from the discussion ac- 
tivity to merit special comment. Given the perceptual ranges established 
in the perception stu3y reported above, it i» clear thai the density - 
levels in the independent study conditions did not produce the same 
perceptlons|^of crowding that the same levels produced in the ^discussion 
activity. Specifically, the low density cells may be interpreted as 
marginally ideal^^ the independent study groups while t;hey were well 
within the crowded range fdr the discussion groups*. High density in * 
both afftivities was well into » the intolerable range* This implied that . 
the density manipulation was more powerful in the independent- study 
activity (marginally ideal vs. intolerable) t"han in the discussion 
activity (crowded vs. ^intolerable) . This » interpretation also explains 
the maiti effect for density in the independent study conditions. 

Given this ^interpretation, the absence of effects for motivation 
or density in the lecture activity is striking (While the pattern of 
means in Figure lb rever-ees the predicted ^pattern, the differences are 
not reliable). On the* basis of the perceptual ranges established in the 
perception study, the pattern of means ^hould look. very similar to the 
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independent study activity. FurXhermore, both iildependent study and 
lecttire activities it^volve co-actors, so the. main source of arousal for 
both acitivites should stem 'from\ violations of personal space (either 
attual or anticipated). Ttie one^Lingle difference between the two- 
activitfiee is that the attention of the co-actors in the lecture^ ac- 
tivity is focused on an instructor. This focusing ot the participant' s 
attention on a single point in the room may enable them ^o block the 

effects the density and motivational manipulations would ordinarily 

• - * - 

have had on their arousal levels. Th£s interpretation is^ of course, 
consistent with some ancilliary assumptions regarding moderator variables 
in the* density- task performance model proposed by Stokols (1972). 

In conclusion, tMs study clearly demonstrates that density pf- 
fects immediate task performance » However, contrary to previous as- 
sumptions arguing that its effects are uniformly negative, we have shown 
•that its effects can be either positive or negative depending oh the 
environmental context and on task parameters. In view of this, we 

/ assert that density acts primarily as a moderator of arousal. Finally ^ 
the magnitude of the. arousal produced by a manipulation of density appears 
to be a complex fur^ction of- task parameters, room design, type of 
activityi^/amount and type of interaction in the activity, personal and 
social attributes of the individuals in the situation, and where the 

^ individual's attention is foc^ised. 
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A LONGITUDINAL INVESTIGATION OF-THE CLASS 
Sia:-STUDENT ACHIEVEMENT RELATIONSHIP ' 

Janice !• Winer 
Washington University at S£, Louis ^ 

Even a 'cursory glance at the literature on the relation between 
clas^ size^and student achievement clearly indicates that the evidence 
for a relation--positive or negative — is Spotty at best. • Majoirfeviews 
'of the literature (e.g., Blake, 1954; Holland & Galfo, 1964; Grajewsky, ^ 
1973) report a few studies showing a negative effect of larg5~^lasses » 
on student achievement, a few studies actually showing a positive^ effect, 
and the vast majority showing no effect at all. Most of the studies 
'have glaring methodological shortcomings (for cogent criticisms of * 
these studies>Vee Blake, 1954; Grajewsky,' 197^; Clland & Galfo, 1964) 
Perhaps the most critical shortcoming from the point of view of the . 
present study is that while class sizes are reported, room -6izes used 
in the research are not. Thus the degree of density in-these atudies 
is Impossible to assess. Another major criticism ike veled by many re 

\ > • - 

viewers is^ that the studies are primarily cross-sectional and that th^ 

/ t 

,^--prtsumed negative effect of large classes majy burface only after ex- 

> 

tended exposure. ] * * ^ /^^ % * ' 

One of the few longitudinal studies .of class siz6 was-^onducted - 
by^ Furnb and Collins (1965) in the Baltimore public sch<^l system. 
- They measured third-grade student achievement over *a' five year period 
using 'a battety of standardized achievement tests. Among the pred'ictor^ 
variables used by these researchers was c^ass size; measured by the ' 
median class size for eafch student for the five consecutive years' of 



^ . the stjudy. 4}ie results indf^cated that dlass size had a small, but / 
. " reliable, inVerse ^effect upon students of all intelligence levels- and 
1% >^ ^cio-econoqdx groiips. However, average room size was not reported, ' 
so no inference can be ^de concerning densi^ lev^s or students' 
perceptions of crowding. 



In another longitudinal study. Summers and Wolfe (1975) -conducted 
a three year ^S^vH^ of the Philadelphia public schools »xid used ^ 
multiple rejgression procedure to measure the effect of 57 "independent 



I. .^^'^iri^fti^ including class «.ze upon achievemenr as measured by the • 
* W . -ik^^Test o?.. Basic Skills, These researchers conclkied that stijentf*^^ 
'y '^i^ . betyj!^^ ability dia better in classes^f 28 or fewer students. 



^: whi^te performing at or above grade level ability^ould be placed 

*?/^.^^t3l^la«^ of up t(* 33 pupils without negative effects. /ItOaddl- , ^ 

"^T^l^n, thgp found*^ that for any studept., a -clart^ sife^ of 34 or greater ^ 
had .an adverse effec^n achievement. Again, however, room size was ^ 
not reported and therefore .the Impacrf: of- density is hard to asare^. 

^Neverthel^s, the above two studies are at leas^ consistent iii 
demons tratln§>i|tyli^ size qn achievement. Given 

these finding^^from^ two longitudinal investigations, there is reason to 
« ^believe that the long-term effects of ^h-fgh density may W more damaging . 

thap much of the croap-^secftional studies seem to indicate (e.g.,«lake, 

• • . • ' y 

1954; Holland** Galfo,a964; Maddon, 1968; Gr^Jewsl^^ ^1973) . However, 

^ ^ ' ^ " , * / 

as the other^too studies reported^ in this monograph indicate, a clear 
understanding, of^th^M;^GS% size-achi^vemeijt relation is n^^ possible'^ * 
without knowledge of the density Implied by a partiQular qlasflT size 
•'and thus, sgmje indicatijm of the students' perc^tions of crowding. 



Accordingly^ the present study soughtto achieve twcy goals: (1) • 
to develop indices of cliEissrooitt densit^^ltlt^could be easily obtaineB 
from local school districts and that could be compcured to the findings 



of the previous two studies such that indirect asseesm^ilb of preceived 
crowding could be made,, and (2) to obtain measuces of student achievement 
from selected school^di^strict^ so that direct assessment of the class 

' density-achiev^^nt rela^tion would be posisible. Furthermore, it was 
decided the study wc^^. adopt , a longitudinal approach using archival 

' data, A 24-year' period was chosen spanning txie acadanic years fcom 




1951-52 to ft73-74. This peflod wai chose]:^Scau6e it included the 
posf-wdr^baby boom — a period of rapidly dxpa^|^g enrollments, insuring 
the occurrence of several years of high density classrooms. 

^|l^||||fter careful consultation with the adminlstratljre^j^^nnel of 
the three cooperating school dil^ricts used Ip the study, two li)id ices' 
of density were chosen. The first ^was a teacher-pupil rlsitlo. ^Ich 
provided an Index of the degree to .Which stufl^n^ were competing for < 

thso llmite4 time of the teacher. The second index \{as^Jbe average 

""^ ' ^ • \f ' , 

square feet df classroom space 'per pu^ll (excfuding gymnasiums, *iunch • 

< - • ' * . < t 

rooms, an4 space §et aside for extra-curricular activities). In «ddi- 

tion, 41 other variables, were obtained frOm each <6chopl disti^ict, in- ^ 
Including indioss of teacher experience, ^acher sex ratios. Income sources 

cost per^'^pil and voter activity. These Indices were^ gatheted by grade 

[ ,1^ ysar from school^ county and state archives. For me .in^ex o| achieve 

ment, n^ational SAT scores, obtained from ETSj^'were useid because none 

^ • " * I ' 

of . the districts had complete stmmary data for a period of more th£in 

10 years. This index was considere^ justifiable for two of the three ' 

districts since at least 70 percent of their Students took the.SA^Ljs 
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- ' . - 4. - 

and the overall pattern of the available district SAT's were very 
similar to the^national SAT's over this years examined. Constant mean ^ 
•/differences were, of course, clearly evident, but irrelevant to'the,pur- 
pose of -this study. Data from the third school district was discarded * 
when* it became clear that, this district did* not' show the- expected 
baby boom pattern. 

Resiiits . • . 

In a longitudinals study of thi? type, Sclata is gathered for the 
same, variable over a ^ng period of ^ime; in this case, 24 years. J 
E^ch data point in the time series is considered d replication or 
observation. Data in this foU^ is especially suited to a data analytj.c 
technigue called fime series analysis. One of the most useful^spects 
of time series analysis is that it automatically computes the relation- 
^ ship between two variables at various "lags." Whenever the data for a 
^ series of years for a variable is compared to itself or another Variable 
at a .later point in^ time, the computed relation is said to be lagged 
by the specified perlqjj o^ time. ,For example, since the- students in ' 
a first-grade class would be expected to take the SAT's eleven years 
^ latfr, it, would be appropria^ to compute the relation between SAl's 

and variables derived from the first-gr^e dfita at a^lag of eleven years, 
.furthermore, it would be expected that the relation would be maximum 

at this lag and be lower at rflX other lugs. 
^ Two statistics -are derivable from lagged relations that are|rel- 
evant to this study: the; atftocorrelationfof each variable and the 
cross correlation of each variable and SAT scores. , The autocorrelation 
was -computed at various lags and indicates to what degree adjacent years 
are Aiearly dependent. The autocorrelation at lag zero is equivalent 

^ ... 1 . 43 ^ " 



to a standardized variance (i.e., l.O). The cross correlation at 
Various lags .indicates the degree to which two variables are related 
^t each lag and also gives some key to the direction of causality. 

The cross correlation at zero lag is equivalent to a Pearson Product 

• If 

Moment Correlation Coefficient. 

The SAT scores showed the much-discussed sharp depllne beginning 
in 1962. Prior to that period, the SAT/s show mild fluctuations in- 
cluding an initial 5-yea/ decline from 1952 to 1956 followed by a 
6-year increase t<^1962. ^ The autocorrelation for thts was quite high 



for the one year lag ttayiiig off dly to zero by lag 5 (5 years) • 
This in(iic4ted strong litfear dependence ifl the SAT datal In part this 
is due to the fact that sbme students take the SAT's twice; once ds a 
junior and once -^s a sfenior. ' However, this can explain only part of 
the linear dependency.. Whatever is cau*sing SAT»'s to fluctuate, it is . 
a long-term phenomenon. ' ^ 

The results^or the analysis of the twob^en^ity indices and their 
relation to SAT scores are presentecf i^T^lea 1 and 2, respectively. 
None of the' other indicjes ^athereci vere systematically rfel^ated -tJ^ SAT's 
and hence are not reported in th^-n {>aper. ^ Tablfe 1 reports^he m^ans. 
Standard deviations, rangeC, and tfm tijend code by grade by district 
for the teacher/student ratio index and by district only for the square 
feet/pupil -index (a by grfiide breakdown of this latter index was not 
possible since availal)le archlrves^^d not itidicajte which rooms were 
used by each grade). reader is reminded that » the teacher/student 

ratio repoirt6d herSe is the reciprocal of the usually reported student/ 
teacher ratio^m thus a higher value in Table l^n thk index indifWtes 
a more favoR^le access to teacher^time by each student. As Table 1 



indicates, thd smallest teacher/student ratio for distric^t X was 
•0199 or, equivalent ly, approximately 50 students/ teacher, the largest 
• teacher/student ratio for district X was ,0492 or, equivalently, 20 
students/ teacher'. The equivalent values for district Y are .02Z2 
teachers/ student or 45 students/teacher and ;0765 teachers/student^ 
or 13 students /teacher. The values in l^ble 1 for seventh and eighth 
graders cannot \>e taken at face value since 8*eve1ith and eighth grade 
teachers in both school districts also teach hig^ school and hejtce the 
numerator of the ratio forMhese grades was the number of certified 
higfi school teachers. Nevertheless, the pattern for these grades is 
still interpretable in terms of autocorrelation and cross correlation. 
A)Li|pcorrelation functions >^ary widely for the data in Table 1, but, 
in general show a high positive relation at la^^ which tapers off 
slowly (o zero four to eight lags later. Again we have strong evidence 
£or a long-term phenomenon. Furthermore, both districts X and X show 
the exp^jlipd peaks during the baby boom period' and we attribute the 
autocorrelation to the baby boom, phenomenon. 

; ' . , • r 

The comparison of thg sq. ft. per pupil index to the results of 
the previous two studies produced some striking conclusions. Classroom 
^density over the 24-year' period studied "ranged frooj 25 to 72 sq. ft. 
p^r stiident. Accor)c}ing to the criteria of the perception stiuiy, clas$- 
room' density in the two districts never moved out of the ideal range. 
In fact, on this basis, class size- could be substantially increased in 
these two districts and it would not produce perceptions of. crowding. 
There are^ of course, other potential reasons why class size should not 
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be incre^pbd (as^noted earlier), but high density does not appear to 
be oiie of them. Given the current and continuing decline in enrollment 
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Table 1. 'Descriptive St3t2?stics .for^ Three ^School-Districts on the Measures of 
Den*sity Data (statistics incl-ude the nean, standard deviation^ range, , and the 
trend code which describe? the data ^siiittern. over the 24 years from 195? to 1975). 



School Districts 
and Variable Labels 





Standard 






, Mean 


Deviation 


Range 


. 0364 


.006 


• 

.0243- 


.0448 


.■0371 


.004 


. 0232- 


. 0415 


.0361 


.005 


..0240- 


.0455 


. 03'45 


. 004 ■ 


. 0243- 


. 0462 




,005 


.0199- 


. 0395 


. 0342 


>003 


.0273- 


.0411 


. 1510 


. 029 


. 0900- 


.1934 


. 1555 


. 026 


.0919- 


.1876 


. 0379 


. 004 


. 030^ 


.0492 


34 . 58 . 


19. 0^7 


25. 69- 


\55J1 






• 




. 0428' 


■ .006 . 


. 0272- 


. 0558 


. 0424 


. 0^)6 


.0Z48- 


. 056^ 


.0419 


. 007 


^.6'278- 


w0593 


.0413 


. 007 


. 0230- 


. 0571 


. 0393 


. 003 


.0284- 


.0498 


. 0412 


.007 . 


.0222- 


.0542 


.1323 


';095 


. 0296- 


.2776 


.1299 


-.094 


.0667- 


.2716 


. 0497* 


. 016 


.(^79- 


. 0765 


50.32 


9.535 


34". 04- 


72.31 



Trend. Cdde 



A. 



District X 

1 . Teacher/Student , Ratio 

a. First Grade 

b. Second Grade 

c. Third Grade 

d. , Fourth Grade 

e. ^ Fifth Grade ^» 

f. Sixth Grade 

g. Seventh Grade- 

h. Eighth 'Grade _ 

i. High School 

j" 

2. Square. Feet/Pvipil " 
District y 

1. Teacher/Student Rdtio 

a. First, Grade 

b. Second Grace 

c. Third Grade 

d. Fourth Grade 

e. Fifth Grade - 

f . Sixth Grade 

g. Seventh Grade 

h. Eighth Grade 
' i. High School 



2. Square Feet/Pupil 
Notes : e 



B, 



D(5)A(3)N(10)D(6) 
D(5)A(8)N(5)D(6) 
D(5)A(5)N(14) , 
A(14)D(10) 
D(5)A(5)D(14)" 
D(5)A(12)D(7) 
D(4)A(17)NT (3) ' 
D(1)'A-(20)'NT^(3) 
D(4)A(18)D(2) , 

d"*(5)A(7)NT(8)A(4) 



A(2)D(5)A(15)n(2) 
A(2)D(2)A(1S)D(2) 
A(8)NT(11)A(3)D(2) 
A(15)D(1)NT (5) A{1)D(2) 
A(2)D(l)A(19yD(2) - 
A(4)D(2)A(6)D(7)A(3)D<2) 
D(2)A(i^)D(2) 
D(2)A(20)D(2) 
D(9)A(13)D(2) . : 

A(2)D(5)'a(2)NT{7)A(8,) 
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Symbols us^ed in the trend code have the following interpretation: 
A = ascending: the. data points show a general increase in value over • 
the period specified. '' ^ ' 

D = descending: the data points sliov^-^ general decrease over the period 
specif ie^. 

NT ^ ^no trends, there was .no discernible trend o^ier the period specified. 
*(n) = the -numljer in parentheses indic'^'-es the length of the period, in 
years, jDver which the data is ascend, descending or no* trend is dis- 
cernible. ^ ^ 

. - ' 4-6 * 



\ 
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high density in classr6oms is not likely to be a danger in the near^ ' 
future • 



s 



Tab^.e 2 reports , the cross corcBlations between the two indices of 
density and verbal and math* SAT scores. For teacher/pupil r|tios 
reported by grade, the cross correlations at zero lag and at the 
positive lag where a maximum causal relation was predicted is reported. 
^ For first grade indices, this lag was 11 years, for second grade, ^.0 
years, and ^o on. For ^acher/pujkl ratios not reported by grade 
(i.e., high school) aid for the square feet/pupil index, zero lag an<i^ 
several other positive lags are reported. As Table 2 indicates, there 
is a very consistent and surprising relationship between the indices of 
classroom density and achievement scores as measured by SAT verbal 
ani math scores. All of the indicesM density, whether by grade or not 
sliow a negative and, in most cases, highly reliable r^ation to SAT's. 
That is, greater density was associated wit:h higher achievement. 

This finding contradicts to a significant degree much current 
educational wisdom concerning the relation of class size to achievement. 
Nevertheless, it is entirely cotisistent with the findings of the pre- 
vious two studies wit hin th^ project. As noted '^f>ove, the square 
feet/pujJ^ index indicates that for both districts X and Y, density * 
never moved out of the ideal range, even during the, peA years of the 
baby boom. Furthermore, t^j* dat^a^^^^ m the second study confirmed a ' 
modified version of Zajon<^s (1965) theory of social facilitati<» which ' 
predicts a curvilinear relation between density and task performance 
(in thj.s case, achievement). Since density levels in the two districts 
were all in the i,dea\ range, we can assume that arousal leyels in students, 
varied fro^^o^to moderate 1:^ aroused. This places the students on the * 
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Table ,2*. Relation of Verbal and Math SAT Averages by Year to Measures , of Density for Three 
School Distrci^cts (for variables^ where data *v;as gathered* by, grade by year, zero lag and the 
positive lag, where a maximum causal relation was predicted are repprted'; for alL other ' 
variables, zerd lag and several other positive lags are reported). • » 



Variable Type 



Verbal SAT 



Lag 
Zero 



Lag 



Lag 
B - 



Lag 
C 



Math SAT 



Leg, 
Z6ro 



Lag 
A^ 



L^g 

B 



Lag 
C 



District X 

A. Teacher/Stu- 
dent Ratio 

1. 1st Grade 

2. 2nd Grade 

3. 3rd Grade 

4. 4th Grade 
■ 5. 5th Grade 

6. 6th Gi4ade 

7. 7th Grade 

8. 8 th -Grade 

9. K.S.-^^ 

B. Square Feet/ 
Pupil 

District Y 

A-. Teacher/Stu- 
dent Ratio 
,1. 1st Grade 

2. 2nd Grade 

3. 3rd Grade 
'4 . 4th Grade 

5. 5th Grade 

6. 6th Grade 
- 7; ^th Grade 

8. 8th Grade 

9. H.S.' 

B. Square Feet/ 
Pupil 



52* 

09 

48* 

07 

54* 

09 

71** 

6.5** 
69** 



ai)- j3** 

Ct3)-.76** ♦ \ 

(9)-. 45* . 

(8)-. 59.**-' " ^ 

0)-.4€* 

(6)-.58**- 

(5)-. 65** 

(4)--. 65* 

{l)-.83«* (2)-. 86** t3)-.80** 



,58** 
,14 
,44* 
,10 
,58*.* 
,17 
,55* 
,49* 
59** 



ai)-.74** 

ao)-.73** 

(9)-.-38*. 
(8)-. 50* 
(7)-. 40* 
(6)-. 59** 
(5)-. 57* 
(4)-. 62** 
(l)-.80** 



f2)-.89** (3)-. 76** 



-.55** (3)-. 56* {7)-.>8** aih.88** 



-.37* (3)-. 50* (7)-. 74** ai>-.85** 



/ 

29 
31 
17 
05 
08 
32 

71** 
67** 

A8 



ai)-.63**. 
ao)-.54** 

(9)-. 67** 
(8)-. 71** 
(7)-. ,61** 
(6)-. 25 » 
(5)-. 77** 
(4)-.79*>' 

(i)-.io 



(2) .10 



-.81** (3)-. 54** (7)-. 52* 



(3) .22 

ai>-.43 



•.15 ' 

••le 

••O-l 
.09 
.10 - 
,42* 
.59** 

54* 
.19 



CLl>-.66** 

aoh.50* 

(9) -.61*.* 
(8)-. '66** 
(7)-. 55* 
(6)-. 31 
(5)-. 73** 
(4)-. 73** 
{l)-.09 



(2) 



.07 

-.78** (3)-. 52* (7)-. 50* 



(3) .16 
aih.46 



Notes ; 
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a. For variables in which data is reportec? by grade by year, thi-s is the predicted 
ISg. For all other- variables , Lags A, B, -and C are positive lags chosen to 
illustrate the pattern of the relation betweSh SAT scores and that variable. 

b. Numbers in parentheses indicate the number of years lagged. Associated corre- 
lations are to the right of these ' nuiribers 

*p<.05 
**p<.01 
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positive side of tHe curvilinear function. That Is, Increased density 
produced increased arousal which facilitated achievement. . It is also 
clear from the first and second studies that the number of square feet 
per pupil would have to decline to a value of 18 squaxe feet or less 
before detrimental effects due to density would be observed. This would 
require a 143% increase in density over th^ most dense year* for district 
X and a l897o increase for district Y. One would be hard pressed to find 
any district in the United States that would have achieved^hat level 
of density in the- 24-year period 'covered by the present study. 

What is being Implied her^is that there is no evidence in this 
^ study that supports the contention that smaller classes facilitate 
achi^^teentr- lii-fact, if this '&t^^ is taken at face value, class 
sizes up tcT^B students for a standard 24 x 32 foot classroom should t. 
facilitate achievement. However, this conclusion must be tempered by 
other considerations. For example, Holland and Galfo/ (1964) report 
that both teachers and administrators have strong negative feelings 
toward class sizes ov-er 30. Such attitude^ ma^, in fact, have detri- 
mental effects on the teacher's behavior toward the class and^thus 
cancel any gains attained by the higher levels of arousal that would 
occur in class sizes over 30. 

One note Of caution must be asserted. There exists a potential 
confound in this data. Zajonc^and Markus (197^) recentf^y proposed a 
theory relating birth order to intelligence; arguing that, under cer- 
tain conditions, later bom children have lower potential for inteLlec- 
tual groyth. Furthermore, our data was gathered over the period of the 
baby boom and hence the first 12-14 years of SAT scores may have come 
from a population dominated by first-bom and only cl\ildren while the 



> 50 



X 



latter years |nay have^se^n a corresponding Increase In later-ben 
children* Thus the possibility exists that the relation reported in 
this study may be confounded by a cohort variable. Nevertheless, it 
is very hard to believe that the relation would be completely reversed 
by controllihg for bi^h order; eliminated perhaps, but not reversed. 
Conclusions from the Piro.lect 

The findings of the three studies reported here, when taken as an 
integrated whole^ provide substantial insight' into the density-perception 
of crowding-task performajice sequence. These Insights force some very 
important and perhaps controversial conclusions. Some of the more im- 
'portan^t ones are ITsted below. Some are more tentative than others 
and whet^e this is the case, the need for further research is clearly ' 
indicated. 

1, The clearest conclusion to be drawn from this project is 
that density is best construed as a moderator of non-specific airousal 

up to a certain; point. This view agrees most closely with the theoretical 
position of Zajonc (1965) and implies that high density can have either 
positive or negative effects on task performance depending on the para- 
meters of the task i\self. Strong evidence for this interpretation is 
provided by both the laboratory and field studies reported above. Thte 
findings of PaprtCT, et al . (1976) are also consistent with this* conclusion. 

2. Beyoki-^a^ertai]^ point, high density is likely to produce 
frequent violations of personal space. These vioTatlons coupled with 
high arousal probably produce a lot o^^'^^ative^fect and may also 
inhibit task performance regardless of the task parameterv* This con" 
elusion received its strongest support from the independent study 

\ _ • ' 

activity in the second study reported above. It Is importat^ko- realize 
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that the negative effects arei not produced by high densitjr^ per se, but \ 
rather hy the concomitai^ violations of 4>ersonal space. This implies ' 
that if frequent violations of personal space occur J.n a low density 
environment, the same negative effects would be expected. . Or if 
violations of personal space can be minimized in a high d^sity en- 
vironment, weHlkuld predict in absence of the negative effects. In- 
direct support for these - latter assertions is provided by the lecture 
and di^cussion^ctivities of the second studj[„ and also by the 41££6rential 
perceptions of crowding as a function of activity type reported in the 
first study and by Col\sn, et al . (1975); This interpretation is some- 
what tentative and deserves further research. Perhaps an orthogonal 
manipulation of density, personal space violation, and task parameters 
such ^s performance on a well-learned vs. unlearned task would more^ fully 
document our assertion. 

3. The above two conclusions suggest th^ perceptions of crowding 
may be more a function of personal space violation (actual or perceived) 
than of density, pej: se . We are not asserting that density is unlm- 
portant, for in natural environments personal space violations are much ^ 
more likely in high density situations, (fhat we are saying is that 
perceptions of crowding ar^ produced as a function of the perceived or 
actual violations of a person's personal space, and variables which 
reduce perceptions of crowding ate actually reducing the potential 
for personal space violation. Hence, increasing the partitions in a 
room will reduce interpersonal contact (Desor, 1972); reddxfSng the 
number of doors will decrease traffic flow and the potential for per* ' 
sonal space violat;lon (Desor, 1972); focusing a room occupant ' s atteiltion 
away from the other occupants will reduce his/her perceptions of potential 
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personal space Violation (c.f., the first two studies in this project); 
etc. 

4. The type of activity engaged 1^ appears to have powerful effects 
on perceptions o^crowding. If the activity involves competition for 
resources (c.f., Stokols, 1972, .and the fii:st , study of this project), 
perceptions of crowding are enhanced. If, on t^he other hand, the ac- 
tivity involves mutual cooperation (e.g., Cohen, et al ., 1975), per- 
ceptions of croWcling are reduced. We are Rtrongly tempted to argue thak 
the cpoperati\^e-competitive dimension of activity ^e has its effect 
on perception of crrowding primarily through* perceived or actual personal 
space violation, but this assertion must be considered highly tentative * 
and deserving of substantial additional research. Parenthetically, 
we would add ^pt rei^ource Competition is a characteristic of many ^ 
natrfal environments.!^ Here, high population .density may indeed be 
uniformly detrimental \ Highrise, low income hcui^ing may well be a 




case in point. ^ 

' 5. Conclusi6ns cdnceming room design must b6 considered the most 

I ' ' • • • ■■" 

tentative of all. Line^j^ disparity of room dimensions appears to be 

extremely ^piportant in perceptions of crowding. If we make.^the tentative 

inference that this variable primarily .affects perceive'd spaciousness of - 

the room, then any room design variable that enhances perceived spacious-' 

ness of a room should reduce perceptions of crowding.. This is, of 

'course, an e^^tremely yague conclusion. We do not yet have an^equate 

definition of spaciousness of a room and We have very little idea of ' 

' ' , ' » ,^ 

'■^ll^ variables which affect> it. • clearly addl^tional research in this area 

is desperately needed. Parenthetically, we regard noise level as a • 

variable ^affecting perceived or actual violations of personal- space. ' 



6. Understanding of .task parameters appears to be essential to 
predicting the effects of arousal (high density) on task p^formance* 
This point was Emphatically made by Zajonc (1965) years ago, but we « 
apparently need continual reminders. Furthermore, tile .present project 

^Remonstrated t]>at for tasks Involving both well-learned skills and the 

• r "1 
acquisition of new responses, a curvilinear relation between density 

and performance is to be expected. ' ; ' y^^**^ 

7. Finally, we conclude that the findings of the' present ^project, 
especially the second study, do itDt support sWond^ry drive explanations 
of social facilitation (Coftrell, 1972) or crowding (Geen, 197^. While 
Cottrell's notion of evaluation appreKension might account for the 
superior achievement of the discussion group over the other two groups 
since the discussion group reported less anlciety^ it cannot explain why 
they .Were more excited (aroused) than the other •two groups nor can it, 
explain fhe reliable density. x motivation interaction in^the discission 

j activity. A similar argument can^be lodged against the expejEtation o^ 
negative outcomes hypothesis of Geen (1976).^ Although. this assertion 
is highly tentative and deserves considerable testing, we believe that 
' a more parsimonious explanation for our findings and] other res.earch on 
social facilitation and crowding will stem from a hypothesis of-gener- 
alized arousal ''as a function of density, task paramet«ers such as those 
discu&sed above, and variables which affect 'anticipated > or actual vio* 

4 

lations of persoifal spac 
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